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Abundance and composition of CO,fixating bacteria in relation to long-term

fertilization of paddy soils
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Abstract. CO, fixation is the central mechanism of primary production in almost all ecosystems, and plays a major role in
regulating the concentration of atmospheric CO,. Carbon dioxide accounts for about 50% of the current global warming
potential. Soil microorganisms that assimilate CO, are widely distributed, and have a great ability to adapt to environmental
extremes, such as within volcanic sediments, lake wetlands and the submarine realm. Microbial CO, assimilation is of great
significance to climate change mitigation and sustainable development for human beings.

It has now been well established that atmospheric concentration of CO, can be reduced significantly by adopting
management practices to enhance CO, sequestration (storage) in cropland soils. Among the approaches for increasing CO,

sequestration of croplands are soil fertilization management practices, such as returning crop residues to the soil, planting
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temporarily retired land with grass for stabilization, and integrating nutrient management strategies to diversified cropping
systems.

Paddy soils are distributed widely throughout the world, and generally are known for their production of greenhouse
gasses (N, O and CH, ). Numerous studies have used molecular techniques to investigate these microbial driving
mechanisms. However, few studies have addressed the importance of microbial CO, fixation processes in paddy soils.
Investigation of the impacts of long-term fertilization on the structure and abundance of CO,assimilating bacteria in paddy
soils can provide a theoretical basis for the application of information on fertilization of paddy-rice fields. This type of
research also may benefit the reduction of greenhouse gas emissions and increase carbon sequestration.

Although carbon fixating microorganisms exhibit a wide range of physiological and ecological traits, most photo- and
chemoautotrophic bacteria use ribulose-1,5-biphosphate carboxylase/oxygenase ( RubisCO) , which catalyzes the first rate-
limiting step in the Calvin cycle to incorporate atmospheric CO,. The ¢bbL gene, which encodes the large subunit of the
form I RubisCO is especially useful as a functional marker for significant phylogenetic analyses of CO, fixating
microorganisms in different ecological systems.

In this study, soil samples were collected from a long-term fertilization experiment, which included a station that
received no fertilization (CK) , one treated with chemical fertilization (NPK) , and one with NPK plus crop residue return
(NPKS). The abundance, diversity, and composition of soil-CO, fixating bacteria were determined using Polymerase Chain
Reaction (PCR), cloning and sequencing, and real-time quantitative PCR of the cbbL gene to explore the effects of long-
term fertilization on the structure and abundance of the CO, fixation bacterial community. Based on sequence libraries of
cbbL genes, our results clearly demonstrate that there was a significant response difference in community composition with
respect to long-term fertilization regimes. A total of 165 ¢bbL genotypes from three different treatment soils were divided into
14 bacterial cbbL gene phylotypes, mainly including Bradyrhizobium, Ralstonia, and Thiobacillus. Facultative autotrophic
bacteria, such as Bradyrhizobium and Ralstonia, dominated both in NPK and NPKS treatment soils, while growth of the
obligate autotrophic bacteria, such as Thiobacillus and Nitrosospira, were suppressed. LUBSHUFF statistical analyses also
demonstrated that cbbL gene libraries of CK, NPK and NPKS treatments were significantly different from one another. The
Rarefaction curve indicated that fertilizer addition increases cbbL gene diversity. Thus, the NPK treatment had the highest
curve. The abundance of the bacterial cbbL gene ranged from 3. 35x10°—5. 61 x 10° copies g™ soil. Crop residue return
NPKS had the highest abundance of bacterial cbbL gene, which was about one half the value of CK. Finally, application of
chemicals and organic fertilizers in paddy ecosystems significantly influenced the CO, fixating bacterial community structure,
and increased bacterial abundance and diversity. These results provide a strong basis for further investigation of fertilization

on soil carbon sequestration potential and its related microbial mechanisms.
Key Words: paddy soil; fertilization; diversity; cbbL gene; real-time PCR
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AL R R SR S — 2 CO, BRI, R, cbbL 3 BT 2227 3 T IR AR il A 1 B 41 1 22
BEVERF S, ST 305 MK AR AR S IR RO A AN B 3 T flidt B S R 4" Tolli A1 King' 212003 4FAfF 58 A
[vi i b A 285 22 90 B e i) 8 0 - SR o 1 e 4 DT R 45 1) RN S A 1 A8 A AL 235 28 0 T il 41 1A e 9% =2
R TN - iR 7 AR, Selesi'® S AERAE/NAZ 1) - 38 b % B e AL 22 IERLRITR A HE RS cbbL
PRS2 RN 2 e e A T ks, EAT, 25 T RN cbbl LR FASF R EEEPERER
£SO ] B e O 1B N o 20 e B e A R e - N 2 £ e 3 A LR 0 e n NV S = B s =S 2 |
T AR 340 2207 /8B, DA 7K B 3 1850 5 B Rk T ) 7K 4348 By T 8 DX ) T S e 4 48 2 H ik [
ARG Z N TIEK, SlGBRIER R Z — A58 F A 0 O A 50, PR AN [7) it A4 2 2%
A2 it FH A R RTRE A 340 FE T M8 36110k 200 P17 45 40 AR AR i (%) S i, LU0 3 0 £ T 0 765 L, 80 = 9 400 7
VRSSO0 ARG A Dy 3P E sl AU 2R, B e S T 2 AR ) I, S IR P 398 o e R s 1) R
1 HE5AHZ*
1.1 3577 58 PR iRk AR

WA T & 10 E R R 3R 728 A0 K30 5 407 W A5 (112°187E,28°07 ' N) 1056 4 T 1987 4F, itk +
HOAT R & B KRS o AR RIG T AR A 3 A FEAE Sy iR . RIEA MUK 17.34 o¢/keg, 2R 1.76 ¢/
kg, 45 0.56 g/kg, BAfR A 144. 1 mg/kg, A XL 12. 87 mg/kg, pH 5.2, AWFFERENHEALITIE(CK) , A4
( NPK) AT B A IS FH4 [ ( NPK plus crop residue return; NPKS)3 NbEH K RS 3 4017 00 S AL AE jite FH &
SRS - HERE SR T 2009 4E 9 0 ( HHEAL TS K  BEAS AR BE 4 3 AN /INX 4 BISREE , NK T
Bk 22.2 m* RS sSBORETE IR (2 AR I SR RS ) )2 0—15 em HIEIFIRS), — &840 HIEAES (4
200 g) FVR AR VRJG —80CARAE , Loy T A W5, 53— 43 T HEAE S BE B4 BT, 1A i 1 A 2 Ak 1
RUWFE 1,
1.2 TIERUEY S DNA RYHEH

Z MR Porteous 251" [l75%5 SR ] SDS-GITC-PEG i, AR 245w ™, Fr4R B m) 185 DNA e Al
4li B FH AN 66 BT %E ( Nanodrop, Peqlab, Germany)
1.3 FIEEBRINAEREN cbbL SERE N FF K S RENE BT

cbbL LA FES 1k K261 .57-ACC A[ C/T]C AAG CC[G/C] AAG CT[C/G] GG-3', FlEs ¥ V2r .5'-
GCC TTC [ C/G]AG CTT GCC [C/GJAC C[G/A]C-3"( LiFFRRAEYHARARATGH) . V1B &
REPEZILMR IR FL M B 1, i B BE Sl 492—495bp

PCR JZ W& & (50 pL) ; TagDNA R4 B K 5.0 wL,MgCL2.5 mmol/L,dNTPs 4% 0.2 mmol/L, i #il
TG 1445 0.4 wmol/L, DNA #i#z 50—100 ng, TaqDNA H4 i ( TaKaRa) 1U, JTHE KKK ZE 50 wL, PCR 2
BEEAEINTR :95°C 5 min;35 MEFR A 95 °C 45 5,62 °C 45 5,72 °C90 s;72°C L FEAH 20 min, PCR #3450 W 1X
Eppendorf Mastercycler,

P41 PCR =1 PCR 44k i & ( TaKaRa) 2lifk, Ik B T, PCR =4 2lifb )5 i% 4 5] pGEM-T
E2 RN CATS 7 S ) YA Al 53, I 1) 0 WO 0P v = 3 N -9 S~ <y~ 3 5 i o /=i L 5 S 9
5 5 ZE NCBI Hh gt 47 [A] YR 4 L X6 (http ://blast. nebi. nlm. nih. gov/Blast. cgi) , F Fi & &5 it £k ( Estimates
win7.51) PEAFEREME I
1.4 LUBSHUFF 4r#rkib B E) 2 5

FIFH LUBSHUFF #04 (http:// LUBSHUFF. mib. uga. edu/) HCEAS [ it AE AL BT | [ 85 20 e R i 4 e 75
e,
1.5 e[ kA A ECE I E

R FHSERY 9 5E 12 ( Real-time PCR) I 5E 4 1 cbbL FERI % DLEL , 514 primer K2f /V2r,10 wL WK 2 4H
WA :2xSYBR Premix Ex Taq™5 wL,10 wmol/L A FUF51 945 0.5 Wi, 45 3 FE A 5 114 Jo R b R R i
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DNA 1 pL, CH7K 3 pl. 7EGE R PCR B4JF 3% ( TaKaRa ) 5] & BRVE UL ] 15647 W5 25 5 SYBR [ 2665 &
PCR "3 , 72 s /A7 e IR DI REAM PR A0 . 9906 E SEAF PCR 42 ; ABI 7900, Foster City, CA, USA

B T2 il /5 o 0 5 4 A5 i 2 0F i 19 BH P 5 B8 9 38 35 3% J5 4R BB AL DNA, 28 40 W i it ik
(0D, ) KM L5, K HiE AT 10 5 RBEERR RS, T 10°—10° $% U1/ L A 9 ebbL FE R (72 6 2 1 1 b i At
i AR 3 RER . DWIIAEIR DNA X8O AR DL PCR [N A h A SRR BERE b 1Y Ce (EK
YRR, 22 cbbL FER SE B AR dE M 2k AR N Cr =— 3.7161gC + 32.057 (R* = 0.991) , ¥ 3K
H 86% .

- S8 [ B 20 TR P ST A ¥ - S UAE A DNA RS RE 2 5 g/ L ZE A A MASEAR | B i R Py AR 38 s i
(N il
1.6 Hitstr

JITA I E S5 R0 3 WCE A BFME, BT EE R ] Excel 2003 F1 SPSS 16. 0 #XfF2E 1740 ¥R 5 G2 it/
*ﬁ,%ﬁfiiﬁ{ﬁﬁﬁﬁgﬁ$ﬁgﬁ%ﬁﬁ Duncan %,*H?é@ﬁ‘*ﬁ%ﬁﬁ Pearson ¥,
2 #R
2.1 HEESTE

3 Tt A b $HE A A 5 (R A A I LR 1 IR IRt AT ) B A R A M R AR T RK A L R
FFid H AL SR A HLTT, SRR 4 i3 TASEAC R AE AL 3 1 pH {E AR XA

F1 3WMARERELEAXTHEE L ENERELER
Table 1 The physical and chemical properties of the three fertilizer treatmental paddy soils

b L% SOC LN WA AR AT Available K
Treatments pH /(&/ke) /(&/ke) Available N Olsen P /(mg/kg)
/(mg/kg) /(mg/kg)
CK 6.8+0.1 a 18.01+0.44 ¢ 1.76+0.03 ¢ 144.08+6.35 ¢ 9.23+0.39 b 43.78+0.97 a
NPK 6.6+0.1 a 19.0620.32 b 1.98+0.03 b 159.01£2.65 b 9.37+0.18 b 44.25+0.79 a
NPKS 6.2+0.1b 23.42+0.01 a 2.44£0.05 a 171.74£2.66 a 10.25+0.37 a 46.41+1.45 a

SEBHEAREIR 2E (n=3) 5 M R0 F-REARZR R — X AU 25 5 AN 1 3 (P<0. 05) 5 CK ARRANHINC AL 2, NPK AR ALAE AL 3 s NPKS plus crop
residue return fXFEHE FFALFR , I

2.2 ZHMEMRGET

M3 B A B ) A 98 DNA A S i By 38 1 cbbL K2 385 Clustal W KA LB 51 AR
B AR KT 989% 1) 7 31 U1 Sy [v] —Ff T #8443 2K 858 ( Operational taxonomic unit, OTU) , M CK,NPK,NPKS
ALBRE) 3R o BIARAT T 48 4,65 4,52 4> OTUs, 351 6] (AR U 64% —98%  AFTEARAFHY 165 4 chbL.
FERAIRE A AE 14 DAl (K 1) P20 E J& (Alcaligenes) | 58 5 AT 7 J& ( Aminobacter ) | [& 20 42 1 J&
(Azospirillum) 18 = K398 7 )& ( Bradyrhizobium) %5 (4 J& ( Chromatium ) 53K ¥ 1 J& ( Mycobacterium) | V.AE AL
YR & ( Nitrosospira) .55 /K T J& ( Ralstonia) \ZL 41T J& ( Rhodobacter ) ZIAR Sl 1 J& ( Rhodopseudomonas ) 3
R 405 & ( Synechococcus ) AT 1 J& ( Thiobacillus) FRMR & ( Thiohalospira) 85 (KT 1 J& ( Xanthobacter) .

A [v) it S A 2 [ e 240 B o I8 A ARG FBEAN ] (81 1) o CK AZRFRAY cbbL Fe PRI I/ A5 AR 7E 11
AR R, FE P OU SRR 0 A AR B, G AR R 95 K TR RBRAT , AH X R R R 5 17. 4% ,19. 6%
14.1% M125. 1% , NPK ALBER) OTUs 15 14 DR A& P4 04, b QA0 8 18 ARV R, 97 /R T
B FIBR AT T 1% A R B A A Rh e AR 2B 13.9% ,15.7% ,16. 5% 11 13.9% . NPKS AbFRE) OTU |4 % (4
AR IV R P R AN A 12 0T & Hh oA 40 D 3Rre S 7 BT 1, 18 AR OB T, 97 R IR FBRAT I, A
TESE B SR T B4 3 h 18.4% ,24.5% ,14.0% F110.5% , 5 CK ALHAH L, i A ( NPK Al NPKS) &b
PP BT ARG = B2 B RSN, A AL IR B B B T e O3 Ah  NPK ALY 2040 i RSt v T CK b3
I NPKS AbHf, CK AZbFE A NPKS Ab ¥ 2 [8] 24 5 R i,
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AVEABIRAGZERNL

20
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1 CK, NPK 71 NPKS 4b 32 F B f5 B 28 8% 75 £ B 3T E H AT & Bl il
Fig. 1 Distribution of chbbL gene phylotypes among the clone libraries of CK, NPK, NPKS treatments

2.3 Bk

Fii 2 9 45 5 W7, NPK AR TR A TR ebbL JEPH ) 244 5 T CK Fl NPKS Ab3H, NPKS Ab 34 1 Z2 4% B
BT CK, HeAh,3 Pt EAL BRARASHY cbbL FERAFR G th AR BEA X FE- A6 (K 2)
2.4  LUBSHUFF Hudssib a2 57

LUBSHUFF #4531 45 9 7, cbbL SEFE SCPEAE CK 55 NPK K NPKS Ab 3 2 M f7 75 B & 1 2% 5 (P<
0.05) , Ui AL AR B3 (L RE RN AILAE A I it FH BE S KT 75 cbbL 35 PRI 14 40 T B A B i o o8 3 PR R S )
2.5 il X A P R e 4 TR B R Y R

S5 f: PCR X AN [a] Ab FRAR HH - S0 B cobL FER ) FEEESAT 00 (B 3) o A 3 3 Rl AE b
P cbbL ¥5 DUBUER 5518 3.35x10°—5. 61x10° 45 1 /¢ £+ i AL PH £ 3 (NPK F1 NPKS) cbbL Ui B = T4
fitE AEALBE (CK) , Hirt  NPKS 4bBEAY cbbL B % , B3 =T CK Fl NPK 4b¥H(P<0.05) ,29°h CK ¥ 1. 5 %,

0r e K 7
3 o~ NPK © 3
5% _y_ NPKS o w o %
~ O Pl o0
%3 50 R o = 5T b
< O - T
PE 4ot o _»_ e 4l c
52 = g T
o
2E30) s £< 3¢ 1
S <= o~ g
*E‘*s 20 + Z § 2+
SN &
2 B =]
£ 10} 7 il 1}
=
Z. 3
~
0 1 1 1 1 < 0
0 20 40 60 80 100 CK NPK NPKS
P cbbLTiE S H Qb BH Treatment

Number of the bacterial ¢cbbL clones screened

B3 AEERALE T EERER (L) HE
Fig. 3 The cbbL abundance quantified from the three fertilization

B2 ZHE chbL SEFE R TR H £k

Fig. 2 Rarefaction curve of clone libraries of bacterial cbbL
— AT 424 43 25 850 ( Operational taxonomic unit, OTU) treatment soils
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2.6 [EfdIE 2 Fon 5 b rE R G R

FUFH SPSS #XAFAHT T cbbL FFIFE S5 3L ME TR A SCE . 25 R BN, cbbL ¥t 5 34 BT AT A
BRI & A BB IEA G 2R (R>0. 844, P<0.05,n=9) , K 5GPUREN X R NHEYI(R=0.919, P<
0.01,n=9) 15+ pH (HA B E TR (R=0.783,P<0.05,n=9) , L XF cbbL K H ZHENE I F
DA A 9 B AL 5 ) AR AR S T R, R R B Z A TE B A C R
3 iR E4%iR

< it A %ok - A8 T s 200 DA b R 2540 7 A T B s, AR AR 3 R AR cbb L FE PRI R R By
ATTE 14 AR E Y, T2 I RIERE B ™k B 35 AN rE B 3R, Hoh & 006, ST o A A6 IR 1 55
RS A SR AT 18 AR AR B, 7 R IR S A A E A IR B MR S BU™ A A 3R RS E A 3R
R E T 48 b A B S AR A B A% 11 35 B R S T B, T e A SR R R i, CK Ab B 7 AE [ R
B T T o5 LA R B3 T 50% |, i AE NPK ALFEH 319% ,NPKS AbHRERAR AR 17% . 58 HR R Al GEAT LA T
I ) MRS T IR AN A i, AN A Ll it AR (AR RS ARG AR A H) b ) AR AR R 1 i
P, 3 pH (B B R AR A AR F AL 3 A - S84 LSRR o0 1% i 2 0 3 R T A A A BHURD Ak I A
L, 2) AFIZERIAHTE A A7 RIS R A KT ae R4 ARl ™48 B 3R W A K7 2 0HLES - (NH; , NO;
Fe™ 45 ) VE L FbA I HL, 553t A SR8 F A, TR 1 SR R B A A ML R o B 1) R
B8 SEME A SR REIE N B 2 R &1 R IR PR AT B ( Ralstonia eutropha F1 Alcaligenes eutrophus ) AN HE
Wi Calvin JEFRIEAT A FRAE K T HIABERSFIH 3= 5 19 20 289 L 1E R i IR & i F B A DL - 2R F B o i
Big PO AT SR IR A it A T A AR A B BT R IR A X et A A A R R AR P e AR R it A
( NPK) Ab R U (NHE-N) B, S B0 A0 1 b 2 40 TR AP O 35T S 38 i A LS i R i 4 AL ™ 4%
5 B A A A2 B P BT T 45 e v B SR 4E R AR F BE RS N, LUBSHUFF 45 2R 17 NPK Al NPKS 4b 3
HYARTR cbbL KPR SO S CK AHHCARIA R T & 1 25 5 (P<0. 05) , ik — 20 150 B 3 7 it A A 32 BH R 5028 1 1=
SRR AN B O RE IS 25K . A0 TR S0 T 40T cbbL ZRENE , aALAE (NPK) 405 cbbL ZREVE e, Hok &
NPKS, CK 2L FRE A, MFREL T Ztn al & i [RIRE g #a A, 3X AT B2 i Tl FH % NPK BE$ B34 4 (% 57 43, 38 fin
T ARANTE cbbL FEF I ZREME , Ti7E NPK LAl _F it FHFSFF (NPKS) J& , i 3G AL & =7 = i pH B R,
BR[| R R A B R R, DI cbbL FEIN ZAREVER BT R, X —45 05 Selesi'® 2 (UBFIT FEA
— 8, BERATSCIN I 5L B EGE 90—120 A, HEad R Bk A 5 (— 8 30—50 4~) 2 Hi T
cbbL BRI R I e AR B 5 10, i — 25 Ui W KRS A cbbL SEIR ZREMES R

TAEREXT ebbL 35 PRI K A M 55 P e 45 R A8 AL R AN 5 4 — 350, ST AE AR L it AR E B A HLAE 5 4k AT
B At 4 m LA 2 A B2 R bl S RBCE: | RS2 A FF AR AL BE Y cbbl BB I 2, BT/ Bl SR B R 4 4
cbbL FERBUR 5 +HEA PR & O R B, W IE MO8, %4518 5 Selesi ™ ATt AL X 1 3 e vk 1 9% 14
BOm g g R —20, ORI , I E SRR A AL & N, 3% pH (R R, LR
S SRR R, o e A IR RO T AR R TR I IR O R DR B BRI ARE TR , 40 A I TR

AR 5 2 A 300 5t AU S 2 VT B R 22 ) 1 - 9 T BA 40 A B Vs 25 4 , 2 Rk R i it A MLAR S, 2 B
cbbL BRI ZREVE VA g RS 4G SR T A R AR s it P Xof e EE 8 [ ke vk a5 ) R HCATL B 9 B 3
I . IR ERAT i R AR R, — UORFEFIERA JE IR RERAE KRS LW 8 CO, i FL5E
AR, B, AREHEER ZE P R A A ARG A e R, —SEHAR Y CO, [ s AR N LA JE TR AR
CEREE A IR JFME = IRIRIE IR BEFIBEAHES A T B ST 3k B A Wy [ e R ) 6 e R IR R
FEIRFHIE, T X St Pl CO, 1 Bk Tk,
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